The aim of this paper is efficiency assessment of railway companies from larger
INTRODUCTION
Efficiency represents one of the most important performance indicators in railway sector. Since the railway transport plays an important role in economic development of a country [21] , evaluation, monitoring and improving efficiency level is the main goal for each railway company.
Different parametric and non-parametric approaches have been used in order to measure and compare performance of railway companies. Two most commonly used methods in efficiency evaluation of railway companies in the recent years are Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA). DEA is a non-parametric linear programming technique which has successfully been used in evaluation and comparison of companies' efficiency in the service sector. While some papers employ only one of them, there are papers which use both approaches in order to compare performance of the railways [6] . There can be found many modifications of DEA approach in the literature, e.g. [8; 9; 20; 21] . In addition to the efficiency level evaluation, some papers measure the productivity and efficiency change of railways [12, 15] . Malmquist index can be used to detect the sources of changes in the frontier, i.e. technological change as a factor of the rise in outputs.
In addition to these approaches, second-stage analysis is often used in order to evaluate the influence of environmental and exogenous factors on efficiency, by using different techniques [1; 13] . Tobit method combined with DEA is the most commonly used technique in the two-stage analysis [4, 15, 17, 18, 19] .
It has been identified that railway companies from Western Europe (WE) and Central and Eastern Europe (CEE) show different level of efficiency, as well as that there are large differences between passenger and freight transportation performances of railways [13; 404
TEHNIKA -SAOBRAĆAJ 64 (2017) 3 21] . Despite this fact, there is a small number of papers that concern larger Europe. Many papers have limited their concerns on Western Europe, e.g. [8, 9, 19] . This paper aims to evaluate and compare the efficiency level of railway companies from larger Europe, considering railway companies from WE, as well as from CEE, and the analysis will indicate differences in performance between railway companies that reached higher level of structural reforms (e.g. Western Europe), and companies which are step behind in that sense (e.g. former Soviet Republic).
In order to evaluate and compare efficiency of railway companies, two-stage analysis will be employed. In the first stage efficiency scores will be obtained using DEA, where efficiency scores will be obtained separately for passenger and freight transportation, as well as for overall transportation. Different approaches in inputs-outputs selection will be considered by implementing respective models.
Since the selection of variables represents critical point in the analysis, this paper aims to compare results from different approaches and analyze the impact of variables selection process on possible conclusions and decisions made based on efficiency analysis. These differences will be inspected using different correlation tests. In order to determine differences in performance between railway companies from WE and CEE countries, next hypothesis is set:
Hypothesis 1: There is a difference in efficiency scores of railway companies from WE and CEE countries.
The hypothesis 1 will be tested by applying nonparametrical Mann-Whitney test. Additionally, Tobit regression analysis will be employed in order to evaluate the influence of different environmental factors on railways' efficiency level.
Next section describes the methodology of DEA and Tobit. Results of empirical analysis are shown in the Section 3. Section 4 contains concluding remarks of this study.
METHODOLOGY

Data Envelopment Analysis
The basic idea and the definition of the concept of DEA was introduced by Farrell [10] . Based on his work, the linear programming model was developed by Charnes, Cooper and Rhodes [5] . Their work is considered as the beginning of DEA.
Considering the scale efficiency, two different models of the DEA method can be used in evaluation of the efficiency of decision making units (DMUs), the CCR model with constant return to scale [5] and the BCC model with variable return to scale [3] . This paper employs CCR DEA model, which gives gross efficiency values of the DMUs which are observable from the input/output data, and it is comparable with other non-parametric methods, while BCC decomposes overall efficiency into technical efficiency and scale efficiency [19] .
Regarding orientation of the distance function, in [6] it is stated that the choice of orientation of the distance function is not as important in case of railway companies as for other industries. This paper employs input orientated models, assuming that the railway companies have a higher influence on the inputs than on the outputs, since the output volumes are influenced by different macroeconomic and exogenous factors [19] .
Input oriented CCR DEA model employed in this paper has the following form [4, 7, 15 
Tobit Analysis
When the efficiency scores calculated by DEA are used as dependent variables in regression, we find a good example of censoring, which means that the values of the dependent variable are limited to a range of values. More precisely, censoring occurs when the dependent variable is observed as a subsample, while information about independent variables for the entire sample is available. In our case, all companies on the efficiency frontier are considered fully efficient, and receive a value of 1 as their efficiency score, even though their efficiency levels are not truly equal. This is why the Tobit model (also known as the censored regression model) will be used to determine the efficiency drivers of railway companies.
"Upper censoring" Tobit model, as in the efficiency scores with upper limit 1, may be expressed as follows, with y denoting values of the observed variable (efficiency) [11; 15] 
where xi is observed independent variable for all situations, β denotes estimation factors and
A Tobit model structured in this manner can be evaluated using the maximum likelihood method. The direct ordinary least squares (OLS) regression on calculated efficiency scores from DEA (yi) and the variable means (xi) contributes to inconsistent values for β.
EMPIRICAL ANALYSIS
The aim of this paper is the efficiency analysis of railway companies from larger Europe during the time period of ten years, between 2004 and 2013. Data set includes 34 European railway companies (Table 1) . Data were obtained from the official statistics of International Union of Railways 1 The efficiency evaluation is conducted separately for each year of the time period observed, so possible random errors or yearly upturns can be detected.
As some companies have been operating as integrated (infrastructure maintenance and transportation operations performed by same company) values of inputs and outputs were taken as they are when compiling the data, while for the companies which conducted vertical separation the respective values have been obtained from different companies considering the relations among them [15] .
Since there have been difficulties in obtaining data for some companies in certain years of the time period observed they were omitted in the analysis for respective years.
Companies from Denmark, Netherlands, Norway and Sweden provide only passenger transportation service, thus they are included only in models that concern passenger transportation service. Hungarian company MÁV Cargo, which has been providing freight transportation service as part of the national company MÁV, was sold in 2008 to Austrian company Rail Cargo Austria, thus it was omitted in the analysis in the period 2009-2013.
In order to obtain consistent results, all the relevant input/output factors regarding the problem observed have to be determined [16] . Regarding railways industry, there are different approaches in inputs/outputs selection [12, 13, 15, 20, 21] .  y5 -Train kilometers achieved (millions). Some authors [19, 21] , use passenger trainkilometers and freight train-kilometers separately, as two different outputs. Since the official statistics 1 do not provide data for passenger and freight trainkilometers separately for all companies observed which provide both, passenger and freight transportation service, this paper employs single-output (y5) as the total number of (passenger and freight) trainkilometers achieved.
Six different DEA models are developed ( Table 2) . Two different single-output DEA models for passenger service and two different single-output DEA models for freight service efficiency evaluation are adopted from [13] . In order to evaluate overall efficiency of railway companies which provide both, passenger and freight transportation service, two additional (twooutputs and single-output, respectively) models are used. Considering selection of variables in DEA, one of the main aspects is a high between-group correlation, i.e. all outputs should be directly generated by inputs [14] . For this purpose, canonical correlation analysis is applied, aiming to measure and quantify the dependence between the set of inputs and set of outputs. According to the first canonical correlation (FCC) coefficients (Table 2) , all DEA models show relatively high correlation between set of inputs and set of outputs considered.
Results of Data Envelopment Analysis
Considering large scale of results data, efficiency scores are plotted in Figure 1 . Solving DEA models, as well as all other computations in this paper were conducted using Stata software 2 . According to results of M3 and M4 (freight transportation service) the best performance showed company EVR, which is the only company efficient during the whole period. Other companies with high efficiency level, and which represent benchmarks for other companies are: BC, LDZ, LG and UZ. CFL showed largest difference in efficiency level between these two models -while it showed high efficiency level in M3, it demonstrated very low performances in M4. It could be explained with dominance of shorter distances in freight transport. It can be seen that there is very small number of companies that show good performance in both, passenger and freight transportation services. It can be explained with fact that railway companies are oriented either on passenger or freight transportation service. Other well performing companies are OBB and SBB, both in M3. Lowest efficiency level have companies OSE and CIE, both below 10% in average according to M4. Except DBAG, which showed improvement in efficiency level, there are no clear trends in performance of railway companies during the period observed, thus the results are rather mixed.
According to results of M5 and M6 (overall transportation efficiency), these two models differ the most in efficiency scores obtained.
Efficient companies during the whole period are RENFE and OBB (both models); SNCF, EVR and UZ (M5); and DBAG (M6). Other companies with high efficiency level (above 50% in average) according to both models are: OBB, SNCB, VR, CIE, FS, CP, LDZ, LG, SZ and TCDD. Companies CFL, BDZ, HZ, CD, MAV, ZS and ZSSK also have efficiency level above 50% in average according to results of M6. In contrast to the results of previous four DEA models, there are no efficiency scores below 10%.
Comparison of results
In order to investigate influence of outputs selection and analyze difference between efficiency scores obtained from different DEA models, Pearson's and Spearman's rank correlation tests are conducted. Results are given in Table 3 . Relatively high values of coefficients may indicate very similar values of efficiency scores obtained from different DEA models. Relatively high and statistically significant correlation between efficiency scores is identified between models within each of three groups (M1-M2, M3-M4, As stated within the Introduction, differences in efficiency scores of railway companies from WE and CEE countries are determined by testing hypothesis 1 separately for each DEA model by using non-parametrical Mann-Whitney test, which results indicate whether the efficiency scores differ between subgroups in observed sample. Considering that the tested technical efficiency scores are not normally distributed, nonparametrical test is used instead of variance analysis [2] . The results are presented in Table 4 .
Considering M1 and M2, p value at Mann-Whitney test indicates in favor of rejecting null hypothesis and accepting hypothesis 1.
Observing rank sum, it can be concluded that railway companies from WE countries have higher rank than those from CEE countries. Regarding M3, results indicate that there are no reasons for rejecting null hypothesis, with significance level α=0.05. Although companies from CEE countries showed higher level of efficiency in M4, there are no statistically significant differences in efficiency scores between the two observed groups, so hypothesis 1 is rejected.
Considering last two DEA models, there are statistically significant differences in efficiency scores and railway companies from WE countries have higher efficiency scores than companies from CEE countries. Hypothesis 1 is accepted for both models. 
Tobit Analysis
Using efficiency scores obtained from DEA models in the first stage as dependent variables, six Tobit models are developed (TM1-TM6), aiming to evaluate the impact of certain exogenous factors, representing macroeconomic and demographic characteristics of a country, as well railway infrastructure development characteristics, on the efficiency of railway companies. Independent variables considered in this paper are: , and for z3, z4 and z5 from the official statistics of International Union of Railways 1 .
Results of Tobit analysis are given in Table 5 . Considering variable z1, results of all Tobit models, except TM4, indicate that it has statistically significant and positive impact on railways' efficiency, thus, it could be argued that more developed countries have higher efficiency level in railway transportation services.
Regarding variable z2, it is statistically significant in the first four models, with positive influence on efficiency of passenger transportation service, and negative influence on efficiency of freight transportation service. Although there are opposite values of coefficients regarding overall transportation (TM5 and TM6) it has no statistical significance.
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Variable z3 has significant and negative influence on passenger transportation service efficiency, while results are mixed regarding other four models. Negative impact could be explained as a consequence of excessive engagement of input variable (length of lines), contributing to lower efficiency level. Variable z4 has positive influence on efficiency of railway companies in all models. This matched our expectations, since the existence of double and multitrack lines provides higher traffic volume.
Variable z5 has positive influence on efficiency in passenger transportation and negative influence on efficiency in freight and overall transportation. It could be argued that consumption of conventional fuel in traction is preferred in freight transportation, while electrification of lines contributes to higher efficiency level in passenger transport operations.
Opposite signs of coefficients of some indicators for passenger and freight transportation may be a consequence of mutual resource usage and different orientation of railway companies [15] . For example, countries with high population density are oriented to transport large numbers of passengers, putting freight transportation in the background. Proposed methodology can provide companies insight in their business performances and possibility to monitor and improve their efficiency level. Future research will include application of double-bootstrap methodology and conditional efficiency measures.
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